Proteinases from Saccharomyces cerecisiae are perhaps the best characterized of the fungal proteinases. Aspergillus nidulans has at least two important differences from S . ceretisiae: firstly, it is a filamentous fungus and thus exhibits a different growth form, and secondly, and this may be connected with the first, it produces large amounts of extracellular hydrolytic enzymes of which the proteinases are an important group. Thus in studying the regulation of proteinases in A . nidulans one is not only concerned with the regulation of their synthesis, but also, in the case of extracellular proteinases, control of secretion. At present, however, the regulation of their secretion is a subject which has not yet been pursued. However, now that at least two proteinases from A . nidulans, one intracellular and one Abbreviations used : PMSF, phenylmethanesulphonyl fluoride; TLCK. tosyl-lysine chloromethyl ketone. extracellular, have been purified (Ansari & Stevens, 19836) , the ground work has been done which would enable a study of secretion to be undertaken. In this review the following topics will be considered : (i) characterization of the proteinases, (ii) proteinase inhibitors, (iii) intracellular localization and (iv) control of proteinase activity.
Characterization of' proteinases and peptiduse
In the first work on characterization of pmteinases from A . nidulans Cohen (1973~) described seven proteolytic activities which could be detected after electrophoresis on cellulose acetate using casein overlays. He also distinguished those which were present in both mycelial extracts and culture filtrates from the exclusively intracellular proteinase present only in mycelial extracts. Two proteinases have since been purified from mycelial extracts (Ansari & Stevens, 19836) . Since different strains of A . nidulans were used in the two studies, and different separation and detection methods, it was not clear as to the relationship between the proteinases investigated. However, as a result of more recent work (L. Stevens & B. L. Cohen, unpublished Vol. 13 BIOCHEMICAL SOCIETY TRANSACTIONS work) in which both strains have been examined by using both electrophoretic separation procedures, the relationship between the proteinases has been clarified.
The sensitivities of the proteinases to a range of inhibitors have been compared and the results are summarized in Table 1 . Proteinase I corresponds to p. It is an exclusively intracellular proteinase having the characteristics of a serine proteinase, but one which also has a sensitive sulphydryl group possibly close to the active site. Proteinase 11, which is the principal proteinase activity in culture filtrates when A. nidulans is grown under nitrogen derepression conditions, corresponds to y. It also has the characteristics of a serine proteinase but differs from proteinase I in being not sensitive to HgC12 or ovomucoid. Proteinase 111, which corresponds to E, contributes to a much smaller extent to the proteinase activity of culture filtrates. It is sensitive to both benzamidine and TLCK. It is adsorbed more strongly on calcium phosphate gels; the latter can be used to remove it from proteinase I1 preparations. Proteinase ci, which is not a serine proteinase, is only detected in cultures grown for 48 h and it was not therefore detected in 24h cultures (Ansari & Stevens, 1983~) . When proteinase ci is subjected to polyacrylamidegel electrophoresis, its mobility lies between that of proteinase I and 11.
The main function of the extracellular proteinases is undoubtedly to degrade protein before its uptake into the mycelium. It is not clear in A. nidulans how large a peptide can be transported without prior extracellular degradation. In Neurospora crassa (Wolfinbarger et al., 1983) and in yeast (Marder et al., 1977) pentapeptides appear to be the upper limit. The principal extracellular proteinase, proteinase 11, degrades a wide range of proteins (Ansari & Stevens, 19836) . By using a modified sodium dodecyl sulphate/polyacrylamide-gel electrophoresis system (Anderson et al., 1983) , it has been found that a protein such as bovine serum albumin is degraded to peptides having MI values between 2500 and 4000. Culture filtrates were also examined to see whether they contained, in addition, specific peptidase activities. A number of amino acid nitroanilides were degraded. The substrates most readily hydrolysed were alanyl p-nitroanilide and lysyl p-nitroanilide followed by glycyl p-nitroanilide. With lysyl p-nitroanilide as substrate, it was found that, when culture filtrates were applied to Proteinase inhibitors Proteinase inhibitors have been found in several fungi including S. cereuisiae , N. crassa (Kula et al., 1979) , Phycomyces blakesleeanus (Fischer & Thomson, 1979) and A. nidulans (Ansari & Stevens, 1983~) . Cohen (1973~) observed that mycelial extracts increased in proteinase activity on storage. He also suggested that the PI, p2 and 6 bands which he observed in mycelial extracts of nitrogenderepressed cultures might be zymogens. However, as a result of subsequent work (L. Stevens & B. L. Cohen, unpublished work) it is clear that p, , p2 and 6 are proteinaseinhibitor complexes.
A proteinase inhibitor has been detected in freshly prepared mycelial extracts, but its activity is lost on storage of the extracts (Ansari &Stevens, 1983~) . This inhibitor has been partially purified and characterized (Stevens et al., 1985) . It isaproteinofM,== 16500and isreadilyinactivated by incubation with thermolysin. In contrast proteinases I and I1 are relatively insensitive to thermolysin. If proteinase I (= p) or I1 (= y) are mixed with the proteinase inhibitor and separated by electrophoresis on cellulose acetate, the proteinase I-inhibitor complex has the mobility ofp, and p2, whereas the proteinase 11-inhibitor complex has the mobilities of 6. If the inhibitor complexes are incubated with thermolysin and the latter inactivated, bands having the mobility of proteinase I and I1 are again observed. The p,, p2 and 6 inhibitory complexes are detected on cellulose acetate because the inhibitor becomes digested by the proteinases, after electrophoresis, when they are incubated at 50°C for 2h with the casein overlays. The proteinase inhibitor is approx. four times as effective at inhibiting proteinase I compared with 11. It does not inhibit the aminopeptidase and appears to have only slight inhibitory activity against proteinase 111.
Intracellular distribution
The presence of vacuoles in A. nidulans can be observed by their rapid uptake of Neutral Red in a similar manner to that described in yeast (Indge, 1968) . Crude vacuolecontaining pellets have been isolated by gentle homogenization of the mycelia in a stabilizing medium, followed by differential centrifugation (Stevens & McLennan, 1983) .
Proteinases I and I1 appeared in both the vacuole pellets and also in the supernatant. However, their specific activity was much higher in the vacoules than in the supernatant. It seems most probable that proteinases I and I1 are principally located in the vacuoles and that activity present in the supernatant is derived from vacuoles disrupted during the isolation together with some activity secreted from the vacuoles. In contrast, aminopeptidase is present in the soluble phase. The distribution of proteinase 111, which is present in much smaller amounts, is unclear.
The proteinase inhibitor is present in the soluble phase. Muchof the proteinase I and I1 activity in the supernatant is masked until the fraction has been incubated with thermolysin to remove the proteinase inhibitor (Stevens & McLennan, 1983) . In contrast proteinase I and I1 activity in the vacuole-containing pellet is not increased by thermolysin treatment, indicating the absence of the proteinase inhibitor from the vacuoles.
Regulation of proteinase activity
The principal aspect of regulation studied has been how proteinase activity changes in response to nitrogen, carbon and sulphur catabolite repression (Cohen, 1981) . With the extracellular proteinases I1 and 111 and with aminopeptidase there are the possibilities of control of synthesis and of control of the secretion of the enzymes. The evidence to date favours a mechanism involving repression and de-repression of synthesis and constitutive secretion of proteinases I1 and 111 (Cohen, 1980) . Starvation of either nitrogen, carbon or sulphur results in increased activity of proteinases I1 and 111 (Cohen, 19736) . Repression by ammonia results in proteinases I1 and 111 being undetectable in either the mycelium or culture filtrates. Aminopeptidase activity is increased on nitrogen starvation but not repressed by addition of ammonia to the growth medium (L. Stevens, unpublished work). Its regulation thus differs from that of proteinases I1 and 111. Proteinase I is not subject to ammonia repression (Cohen, 1973a,b) .
The proteinase inhibitor is detected in mycelial extracts in maximum amounts under conditions of ammonia repression and in lowest amounts under conditions of nitrogen starvation (Stevens et al., 1985) . It is not possible from this observation to conclude anything about the regulation of the synthesis of the proteinase inhibitor, since it becomes digested by the proteinases, the activities of which vary under the different growth conditions. Proteinases I1 and 111 are regulated by the positively acting gene product of the are locus (Pateman & Kinghorn, 1977) and this also controls a large number of enzymes concerned with nitrogen metabolism. Much further work has to be done to understand fully the regulation of proteinases in A . nidulans but there is now a substantial core of information which suggests that a number of interesting control mechanisms exist. Table 2 summarizes the characteristics of the proteinases of A . nidulans.
